Phosphine-phosphites 3a and 3b, derived from diphenylhydroxymethyl phosphine have been prepared. From these ligands [Rh(COD)(3a)]BF 4 (5a) and RuCl 2 (3b)[(S,S)-DPEN] (6b, DPEN = 1,2-diphenylethylenediamine) were synthesized and their structure determined by X-ray diffraction. Ligands 3 are characterized by a small bite angle of 83º. In addition, 5a led to an active catalyst for the hydrogenation of olefins, giving enantioselectivities up to 96 % ee. Likewise, compound 6b showed a good activity and enantioselectivity in the hydrogenation of N-1-phenyl ethylidene aniline and completed a reaction at S/C = 500 in 24 h with a 83 % ee.
Introduction
Initially, phosphine-phosphites 3a and 3b were obtained by condensation of diphenylhydroxymethylphosphine with chlorophosphites 4a and 4b, respectively (Scheme 1). These compounds have been characterized by the usual analytic and 1 H} NMR with a small 2 J PP coupling constant of ca. 4 Hz. Research from our laboratory has shown that chiral phosphine-phosphites have broad application in the rhodium catalyzed hydrogenation of olefins, while achiral counterparts also have interest in the hydrogenation of imines catalyzed by ruthenium catalysts bearing a chiral diamine as an ancillary ligand. 12b Upon these precedents catalyst precursors of formula [Rh(COD)(3a)]BF 4 (5a) and RuCl 2 (4a) 
[(S,S)-DPEN]
(6b) were prepared (Scheme 2).
Scheme 2. Preparation of complexes 5a and 6b.
With the intention to gain information about the structure of coordinated ligands 3, complexes 5a and 6b have been characterized by X-ray diffraction. Rh compound 5a
shows a square-planar structure ( Figure 2 ). A first interesting observation derives from the coordination of the diolefin. Calculation of distance from the rhodium atom to the olefin bond centroids give values of 2.209 and 2.171 Å, reflecting the expected higher trans influence of the phosphite fragment. 17 In addition, these distances are relatively high considering the range for diphosphine derivatives, which typically oscillates between 2.10 and 2.17 Å. 18 In contrast to the typical clock/counterclockwise turn observed for COD derivatives of chiral diphosphines minimizing steric interactions, 18 coordination of COD in 5a shows a displacement of both olefin centroids above the coordination plane. Thus C(39) and C(42) olefínic carbons nearly lie in the equatorial plane. This structural feature, enabled by the C 1 symmetry of the chiral ligand, as well as the relatively long Rh-olefin bonds can be attributed to the high steric encumbrance produced by both phosphorus functionalities of the phosphine-phosphite ligand, particularly below the coordination plane by the aryl ring of the biphenyl defined by C(11) and the edge oriented phenyl subtituent defined by C(26 Figure 3a) , which is wider than the typical value of 107º for P-C-C fragments in diphosphines. cis arrangement of the chloro ligands. Thus, the phosphite and one of the chloro ligands occupy the axial positions while the amine nitrogens, the remaining chloro and the phosphine occupy the equatorial plane ( Figure 4 ). As mentioned in the structure of 5a, 6b also displays a narrow bite angle of 82.1 degrees (Figure 3b ). We were next interested in comparing the performance of catalyst precursor 5a
with those based in phosphine-phosphite ligands 1 in the asymmetric hydrogenation of several representative olefins ( Figure 5 ). First, complex 5a showed full conversion and a 91 % ee in the hydrogenation of MAA (7b) under mild conditions (Table 1 ). In the case of MAC (7a) the reaction was slower under these conditions (70 % conversion) but a higher enantioselectivity of 96 % ee was observed. In addition, the hydrogenation of dimethyl itaconate also proceeded smoothly with a good enantioselectivity of 89 % ee.
Comparison of these results with those obtained with the analogous catalyst of longer ligand backbone 1a shows that the proximity between the two phosphorus functionalities in ligand 3a is detrimental for these hydrogenations, since in the three cases the catalyst bearing ligand 1a provided higher enantioselectivities (99 % ee) for the three olefins. In addition, we were interested on investigating the influence of the size of the phosphite fragment in oxymethylene bridged ligands. At this regard, it should be mentioned that literature data indicates that a catalyst bearing a BINOL based ligand (3c), showed a 64 % ee in the hydrogenation of MAC. 15 For the sake of completion we have generated complex [Rh(COD)(3c)]BF 4 in situ and performed the hydrogenations of MAA and dimethyl itaconate under our standard conditions. Both reactions showed full conversion and enantioselectivities of 54 and 87 % ee, respectively (entries 4,5). Overall, these values indicate a better performance of the catalyst bearing the bulkier phosphite in the hydrogenation of the enamides, while similar results for catalysts based on 3a and 3c were obtained in the case of dimethylitaconate. However, the bulky phosphite group along with the short backbone should render a rather congested metal center that should be detrimental for catalyst activity, as shown in the uncompleted hydrogenation of MAC. In addition, 5a was also tested against more challenging enamides derived from β-tetralone. 19, 20 Thus, reactions performed with 5a showed slow reactions, giving conversions of 50 and 20 % for 7d and 7e, respectively (entries 6-7). For comparative purposes we have also performed hydrogenations of these substrates using [Rh(COD)(1a)]BF 4 . Worth of note this complex provided a moderate conversion and a respectable 75 % ee for substrate 7d (entry 8), while it provided full conversion and a higher enantioselectivity of 83 % ee for the 8-methoxy substituted substrate 7e (entry 9). Therefore, as observed for the previous substrates, the shortening of the backbone is accompanied by a decrease in enantioselectivity. Worth of note, Bakos et al have observed a similar trend for catalysts based in less sterically demanding BINOL based phosphine-phosphites. 15 On the other hand, the performance of Ru complex 6b in the hydrogenation of representative imine 7f in the presence of base has also been examined. The reaction performed at a S/C = 100, following usual conditions for these reactions (i.e. 20 bar of hydrogen, 60 ºC and [KOBu Reactions were carried out at room temperature with an initial hydrogen pressure of 4 bar, in methylene chloride at a S/C = 100 unless otherwise noted. Reaction time 24 h. Conversion was determined by chiral GC.
b Reactions performed at 20 bar. c Reactions performed with the precatalyst prepared in situ.
d Configurations were determined as previously reported.
Conclusions
Phosphine-phosphite ligands 3a and 3b have been prepared and applied in representative olefin and imine asymmetric hydrogenation reactions. These ligands are characterized by a narrow bite angle which brings closer the substituents of both phosphorus functionalities rendering a rather congested metal environment. Rh catalyst generated from 5a gives moderate to high enantioselectivities in the hydrogenation of 
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